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Abstract 
Impact of physicochemical character of hydrophobic porous carrier on reactivity of immobilized lipase from Candida 
rugosa, Rhizopus arrhizus, and Wheat Germ was investigated by Accurel MP100 carrier employed. Accurel MP100 
was made of a polypropylene-based hydrophobic porous support. Lipase was adsorbed and immobilized on the 
Accurel pores with the aid of cross-linking agent glutaraldehyde. Immobilized yield attended satisfactorily high level 
(98%). Effectiveness factor of immobilized lipase was improved to use reduced size Accurel particles. In the case of 
Candida rugosa used (particle size 500-840 μm), the effectiveness factor exceeded 0.5. Suitable carrier size to realize 
sufficient high reaction rate was practically depended on lipase species used.  Repeated use of immobilized lipase 
was attractively performed and stable. The productivity was remained almost 50%. Accurel MP100 was expected as 
hydrophobic friendly lipase carrier progressing toward higher reaction rate and high yield in repeated use. 
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1. Introduction 
Lipases have been paid attention to lipid modifications [1-3]. They catalyzed hydrolysis, alcoholysis, 
acidolysis, amidolysis, and esterification in food and pharmaceutical industry [4-9]. Immobilized lipases 
have been reported to apply in various hydrophobic reactions [3, 10-12]. Reactivity of immobilized lipase 
was affected by physicochemical factors in reaction media [13, 14]. Especially for quick initiation of 
hydrophobic enzymatic reaction, a hydrophobic material is most favorable to easy diffusion of substrate in 
inner pore of carrier. Previously, gels and solid porous carriers having hydrophilic character were often 
employed even for hydorophobic substrate reaction. Detail technical data focused on carrier to realize a 
quick initiation of hydrophobic enzymatic reaction and a high yield repeated use of immobilized enzyme 
are strategically indispensable to industrial applicable practical design of hydrophobic enzyme reaction 
[15-17]. Authors examine impact of physicochemical character of hydrophobic porous carrier on 
reactivity of immobilized lipase progressing toward higher reaction rate and high yield in repeated use 
[18]. Effect of the resources of lipase and the geometrical size was mainly demonstrated. 
 
 
 
Nomenclature 
 
W: Molar ratio of the water to amphiphile [(mol-H2O)㺃(mol-amphiphile)-1] 
ηth: Theoretical effectiveness factor calculated from Thiele modulus defined [-] 
φ: Thiele modulus [-] 
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2. Material and Methods 
2.1. Materials 
Accurel MP100, provided by Membrana GmbH (Obernburg, Germany), is made of a polypropylene 
based hydrophobic porous support. The original shape Accurel looks like as a half cylinder. The volume 
and shape of Accurel particles are well preserved in various organic solvents at experimental 
temperatures and pressures. Lipase from Candida rugosa, Rhizopus arrhizus, and Wheat Germ was 
purchased from Sigma-Aldrich (St. Louis, Mo, USA). The organic phase was composed of 2,2,4-tri 
methylpentane (isooctane) as the main solvent and 1-butanol as a co-solvent. In this study, a volumetric 
ratio of 3.5(v/v)% of 1-butanol was employed as an organic phase. Triolein was employed as a typical 
lipid substrate. Therefore, oleic acid was assumed to be the major product. The reactivity of immobilized 
lipase was determined from the initial production rate of oleic acid. 
Sugar ester was used as an amphiphilic component. It was necessary to form a W/O microemulsion 
phase in which the reaction was quickly initiated. DK-ester-F-110 (average MW = 703, Lot. No. 349519) 
was provided by Dai-ichi Kogyo Seiyaku, Ltd. (Kyoto, Japan). The hydrophilic-lipophilic balance (HLB) 
of DK-ester-F-110 was reported as 11, and was thus hydrophilic [13, 14]. The guaranteed main 
component was monostearic acid ester, with a minimum assay of 33.4%. 
2.2. Physicochemical Character of Hydrophobic Porous Carrier 
Molecular structure of immobilized enzyme was directly influenced by physicochemical factors in 
reaction media, opening of pore, geometrical structure of pore channel, surface hydrophobicity of carrier 
and hydrophobicity of organic solvent. 
Surface hydrophobicity of Accurel was conveniently examined by adsorption of fluorescence probe 
Nile Red. Accurel was immersed in Nile Red ethanol solution (100μM) for 1 hour. Fluorescence image 
was measured by the fluorescent microscope (KEYENCE BZ-9000) using excitation wavelength 560 nm. 
Scanning electron microscopy (SEM) was employed to examine Accurel particle morphology. Prior to 
analysis, all samples were coated with a thin layer of Pt using a sputter coater (HITACHI E-1010 ION 
SPUTTER (Tokyo, Japan)). They were then analyzed by SEM (HITACHI Miniscope TM-1000 (Tokyo, 
Japan)). 
2.3. Lipase Immobilization Method 
First, Accurel MP100 was immersed and shaken in ethanol (99.5%) for 2 hours as pretreatment. This 
process led to hydrophilic surface condition in hydrophobic porous supports. 
Lipase was adsorbed onto the pore surface of Accurel particles before cross-linked immobilization. 
The desired amount of lipase powder was added to the acetate buffer solution (pH 6.5). The solution was 
centrifuged at 3000min-1 for 5min to remove insoluble substances. The Accurel particles were placed into 
the lipase buffer solution and then shaken to adsorb lipase for at least 24h at 298K. The change of 
aqueous phase concentration leveled off after 24h of shaking, and then adsorption equilibrium was 
attained. The unwashed wetted Accurel was dried moderately in desiccators for two days at room 
temperature. The adsorbed amount of lipase was evaluated from the decreasing lipase concentration of the 
buffer solution. 
Next, the dried Accurel carrier with the adsorbed lipase was shaken in 3% glutaraldehyde (GA) 
aqueous solution for 60min at 298K to immobilize the lipase on the Accurel pore surfaces. The desorbed 
amount of lipase in the GA solution was then measured. The effective amount of immobilized lipase was 
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estimated from the difference between the adsorbed amount of lipase and the desorbed amount of lipase. 
The immobilized lipase carrier was briefly washed in pure water and dried moderately in the desiccators 
for two days at room temperature. 
2.4. Hydrolysis of Lipid Using Immobilized Lipase in Accurel Particles 
Sugar ester at a concentration of 20g㺃(L-org)-1 was quickly dissolved into the organic phase composed 
of 1-butanal/isooctane at 313K. 50mL of the organic phase was placed in a glass vessel, after which the 
desired amount of acetic acid buffer aqueous solution was added. The water content (W) was defined as 
the molar ratio of water to the amphiphilic component. Previously, the reactivity of lipase in the W/O 
microemulsion phase strongly depended on the value of W. The authors adopted an optimal the value of 
W of 3.0 based on our previous data [14]. The amphiphilic concentration for W was based on the 
monostearic acid ester content (33.4%) in DK-ester-F-110. 
Triolein with a concentration of 16mM was also added to the organic phase. The aqueous buffer 
solution and the organic phase containing triolein were stirred magnetically for 10min to produce an 
optically transparent and mature W/O microemulsion phase. The reaction was initiated when the 
immobilized lipase on Accurel particles was added to the W/O microemulsion phase. 
The concentration of produced fatty acid (oleic acid) was determined by the Lowry-Tinsley 
colorimetric method [19]. The calibration line was based on oleic acid. 
3. Result and Discussion 
3.1. Physicochemical Character of Hydrophobic Porous Carrier 
Fluorescence image by Nile Red was presented in Fig.1. Fluorescence excited by 560 nm was strongly 
appeared from entire surface of Accurel. Hydrophobic character of polymer frame of Accurel was 
discernible. 
 
 
Fig. 1. Fluorescence microscopic view of original Accurel (×40). The fluorescence microscopic view depicts that the polymer frame 
of Accurel was entirely hydrophobic. 
Fig.2 depicts SEM image of Accurel. Circular like pores were opened on entire surface of Accurel. 
The inlet diameter of pores was from 1μm-3μm. Mean void fraction of Accurel was 0.78. 
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10μm  
Fig. 2. SEM image of original Accurel surface. The indicator bar means 10μm. 
3.2. Amount of Immobilized Lipase 
Pretreatment of carrier by immersion in ethanol was an important process to modify of porous surface 
of Accurel. As presented in Fig.3, effect of pretreatment evaluated from the amount of adsorbed Candida 
rugosa lipase per unit mass of Accurel. 
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Fig. 3. Amount of adsorbed Candida rugosa lipase per unit mass of original Accurel. With pretreatment by ethanol, lipase was 
successfully adsorbed in hydrophile phase in spite of hydrophobic material using. 
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The amount of adsorbed lipase onto pretreated by ethanol was much 2-fold than that of without 
pretreatment. With pretreatment by ethanol, lipase was successfully adsorbed on hydrophilic modified 
surface in spite of hydrophobic material used. 
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Fig. 4. Comparison of amount of lipase from different species, indicate the hydropathy scales course. Hydropathy scales are enzyme 
hydrophobic scale by Kyte and Doolittle’s evaluation [20], the amount of immobilized lipase was depended on lipase species. In 4 
species, Wheat Germ lipase immobilized more the amount of lipase immobilization. High hydrophile lipase was also  successfully 
immobilized in hydrophobic material 
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Cross-linking of lipase by glutaraldehyde (GA) was very beneficial for attaining a high yield of 
immobilization. The immobilized lipase yield based on the adsorbed amount was exceeding 98% in every 
class of particle size. The stabilization by GA treatment depended on the materials of the support and 
enzyme species. 
Fig.4 depicts the immobilized amount of enzyme was well correlated to hydrophilic character of 
enzyme. Hydropathy scale of enzyme was accorded to Kyte and Doolittle’s evaluation [20]. The amount 
of immobilized lipase was linearly depended on lipase species. Among tested lipase, the Wheat Germ 
lipase was favorably immobilized on ethanol pretreated Accurel pores. Even higher hydrophile lipase was 
immobilized successfully in hydrophobic material. 
 
3.3. Reactivity in W/O microemulsion 
As basically demonstration, the comparison of free lipase reactivity from various species in W/O 
microemulsion system was indicated in Fig.5. The water content (W) was major factor to determine 
reactivity of lipase in W/O microemulsion system. In this paper, it was set at 3.0 referenced from our 
previous study [14]. The reaction activity of the Rhizopus arrhizus lipase was more remarkable even if it 
has relatively hydrophilic character. No lag time was appeared in initial reaction range. According to this 
result, Rhizopus arrhizus and Candida rugosa lipases were mainly investigated practically. 
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Fig. 5. Comparison of free lipase reactivity from various species in W/O microemulsion system, indicate the time course of oleic 
acid with different specificity. The reaction activity of the Rhizopus arrhizus lipase was remarkable. 
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3.4. Hydrolysis of Triolein by Immobilized Lipase 
Fig.6 (a) presents reactivity of free lipase (Rhizopus arrhizus) and immobilized one. Fig.6 (b) also 
presents reactivity of Candida rugosa lipase. 
Hydrolysis reaction was quickly initiated by using immobilized lipase while no effect of diffusion 
limiting condition. Reaction productivity of Immobilized lipase successfully kept over 50% that of W/O 
microemulsion used.  This suggested that diffusion of substrate and product in pore was remarkably 
improved by using hydrophobic carrier. The reactivity of the immobilized Rhizopus arrhizus lipase was 
superior to Candida rugosa lipase system. 
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Fig. 6. (a) Reactivity of free lipase (Rhizopus arrhizus) and immobilized one. Immobilized lipase productivity successfully kept over 
50% of W/O microemulsion. Reaction was quickly initiated by using immobilized lipase;     (b) Reactivity of free lipase (Candida 
rugosa) and immobilized one. 
The theoretical effectiveness factor ηth is calculated from the Thiele modulus presented by Fig.7. The 
effectiveness factor of Rhizopus arrhizus using original particle size of Accurel attractively approached to 
rate-limiting condition, not limited by diffusion processes. It was superior to that of Candida rugosa 
Lipase (about 1.3 times). 
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Candida rugosa
Rhizopus arrhizus
 
Fig. 7. Relationship between effectiveness factor and Thiele modulus. The effectiveness factor of Rhizopus arrhizus lipase was 
superior to that of Candida rugosa lipase. 
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Figure 8 illustrated the effect of particle size of Accurel on the effectiveness factor is the case of 
Candida rugosa lipase. The effectiveness factor of smaller Accurel particles (500-840 μm) exceeded 0.5, 
which expected to approach for rate-limiting condition. In the case of Candida rugosa used system, 
smaller carrier size was favorable to obtain higher reaction rate and reaction yield. Suitable carrier size to 
realize sufficient high reaction rate was practically depended on lipase species used. 
Diffusion limitedReaction rate limited
Accurel (500-840μm)
Accurel (Original)
Accurel (840-1180μm) Candida rugosa
670μm
1010μm
3000μm
 
Fig. 8. Relationship between effectiveness factor and Thiele modulus (Candida rugosa). The effectiveness factor of smaller Accurel 
particles (500-840 μm) approached to rate-limiting condition, not to diffusion limitation. Smaller size Accurel particles are favorable 
to obtain higher reaction rate and reaction yield. 
Figure 9 (a) indicates the effect of Accurel particle size on the apparent reaction rate in the case of 
Candida rugosa used. The ordinate represents the concentration of produced oleic acid per unit mass of 
immobilized lipase. The 500 to 840μm particles evidently performed outstanding reactivity compared to 
that of 840 to 1180μm particles and original Accurel. Figure 9 (b) compared the production of oleic acid. 
The reaction yield was higher when smaller particles were used. The production of oleic acid strongly 
depended on the particle size, suggesting that the reaction occurred under diffusion-limiting conditions. 
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Fig. 9. (a) Comparison of reactivity of immobilized Candida rugosa lipase for various particle sizes of Accurel [18]. The amount of 
immobilized lipase was normalized by the unit mass of immobilized lipase. The productivity depended remarkably on particle size. 
The 500-840μm particles evidently performed outstanding reactivity;            (b) Comparison of reactivity of immobilized lipase for 
various particle sizes of Accurel, indicates the immobilized carrier particle size course of oleic acid produced. The amount of 
immobilized lipase was normalized by the unit mass of immobilized lipase. 
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3.5. Reusability 
Figure 10 (a) and (b) presented the comparison of the reaction yields of hydrolysis by reusing 
immobilized lipase (a; Rhizopus arrhizus, b; Candida rugosa). To examine the stability of repeated use of 
immobilized lipase, the immobilized lipase was separated from the bulk reaction phase at 60 min after the 
reaction initiation, and then it was washed by organic phase. Immobilized lipase was added again to the 
next batch reaction with fresh substrates. 
Productivity of oleic acid by immobilized Rhizopus arrhizus lipase at the first run was remained 
almost 50%.  Even if the case of Candida rugosa lipase, it was still over 30% remained. 
The stability of production of oleic acid was attractively stable in repeated use (3 times). The 
accumulated amount of oleic acid by three times repeated use was superior to the once use of free lipase 
in W/O microemulsion phase. Economical merit of lipase immobilization was anticipated by employing 
hydrophobic enzyme carrier. 
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Fig. 10. (a) The comparison of the reaction yields of hydrolysis by using immobilized lipase (Rhizopus arrhizus lipase). Reactivity 
of immobilized lipase is keeping constant level; (b) The comparison of the reaction yields of hydrolysis by using immobilized lipase 
(Candida rugosa lipase). Reactivity of immobilized lipase is stable for repeated use (3 times). 
 
4. Conclusion 
Impact of physicochemical character of hydrophobic porous carrier on reactivity of immobilized lipase 
from Candida rugosa, Rhizopus arrhizus, and Wheat Germ was investigated by Accurel MP100 carrier 
employed. 
Accurel MP100 was made of a polypropylene-based hydrophobic porous support and provided circular 
diameter of inlet pores 1-3μm. Lipase was adsorbed on Accurel pores and immobilized by cross-linking 
agent glutaraldehyde. Immobilized yield attended satisfactorily high level (98%). Productivity of 
hydrolysis reaction using immobilized lipase was 50% compared with that of free lipase in W/O 
microemulsion system. Effectiveness factor of immobilized lipase was improved to use reduced size 
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Accurel particles. In the case of Candida rugosa used system, Accurel particle size 500-840 μm was 
expected to approach for rate-limiting condition. The effectiveness factor exceeded 0.5. Suitable carrier 
size to realize sufficient high reaction rate was practically depended on the lipase species used.  Repeated 
use of immobilized lipase was attractively performed and stable. The productivity was remained almost 
50%. Accurel MP100 was a potential immobilized carrier for lipase progressing toward higher reaction 
rate and high yield in repeated use. 
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